Abstract. In this paper the detailed classification of threedimensional exceptional canonical hypersurface singularities which don't satisfy the condition of well-formedness is given. This result completes the classification of three-dimensional exceptional log canonical hypersurface singularities started in [4] .
Introduction
In this paper the classification of three-dimensional exceptional hypersurface singularities started in [4] is completed. The main classification theorem is the following one:
Main theorem. Let (X, 0) ⊂ (C 4 , 0) be a three-dimensional exceptional canonical (respectively strictly log canonical) hypersurface singularity defined by a polynomial f . Then there exists a biholomorphic coordinate change ψ : (C 4 , 0) → (C 4 t,z,x,y , 0) and unique primitive vector p ∈ N R such that just one of the following two possibilities holds:
1. The quasihomogeneous polynomialf p = (f • ψ) p defines an exceptional canonical (respectively strictly log canonical and canonical outside 0) singularity (X p , 0) ⊂ (C 4 t,z,x,y , 0). In this case p-blow-up of C 4 induces purely log terminal blow-ups ϕ : (Y, E) → (X, 0) and ϕ p : (Y p , E p ) → (X p , 0), where (E, Diff E (0)) = (E p , Diff Ep (0)). That is, these singularities have the same type and in particular the same complement index.
The canonical singularities satisfying the condition of wellformedness -Diff E/P(p) (0) = 0 are classified in the theorems 3.24, 3 .28 of [4] and in the tables of chapter [4, §4] . The polynomialf p ; (E, Diff E (0)); minimal complement index are written in the tables.
The canonical singularities not satisfying the condition of wellformedness are classified in the tables of chapter §3. The polynomialf p ; (E, Diff E (0)); minimal complement index are written in the tables.
The strictly log canonical and canonical outside 0 quasihomogeneous singularities are always exceptional (in any dimension) by theorem [4, 2.13 ]. In the three-dimensional case (E, Diff E (0)) = (f p ⊂ P(p), 0) is K3 surface with Du Val singularities and (X, 0) is 1-complementary. 2.f p = t 3 + g 2 2 (z, x, y), where g 2 is an irreducible homogeneous polynomial of degree two. In this case the purely log terminal blow-ups are constructed in the theorems [4, 3.3, 3.5] . Also it was obtained the similar classification depending on the type of jetsf 5 andf 6 .
Proof. According to the main theorem proved in [4] it is enough to classify the three-dimensional exceptional canonical quasihomogeneous singularities which are not well-formed. The required classification is given in the tables of chapter §3.
It follows from the classification that there are only finite number of types of three-dimensional exceptional log canonical hypersurface singularities. There is a conjecture that the similar result about the finite number of types is true in any dimension for the exceptional singularities. See also examples [4, 1.19, 1.20] .
The present paper is the direct continuation of [4] . Therefore see [4] in connection with the notations, definitions and etc.
The paper is organized in the following way. In chapter §1 the purely log terminal blow-ups of not well-formed singularities are studied. In chapter §2 the three-dimensional quasihomogeneous not well-formed singularities are considered. In chapter §3 the summarizing tables are written.
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Structure of purely log terminal blow-up of not well-formed singularity
Now we explain in detail the condition of well-formedness of quasihomogeneous singularity.
Let (X, 0) ⊂ (C n , 0) be a quasihomogeneous log canonical, canonical outside 0 singularity with the integer weights p = (p 1 , . . . , p n ) and quasihomogeneous degree d defined by a polynomial g(x 1 , . . . , x n ). Without loss of generality it can be assumed that (p 1 , . . . , p n ) = 1.
Consider p-blow-up ψ : C n (p) → C n . The exceptional divisor of ψ is the weighted projective space P(p). This blow-up induces a plt blow-up ψ| Xp : (X(p), E) → (X, 0) (see theorem 2.13 [4] ). Put q i = (p 1 , . . . ,p i , . . . , p n ). Then E = (g(x 1 , . . . , x n ) ⊂ P(p 1 , . . . ,p n )) = (g(x 1/q 1 1 , . . . , x 1/qn n ) ⊂ P(p 1 q 1 /(q 1 · · · q n ), . . . , p n q n /(q 1 · · · q n )). Put q ij = (p 1 , . . . , p i , . . . , p j , . . . ,p n ) if i = j. The quasihomogeneous degree ofg(x 1 , . . . , x n ) is denoted byd. Definition 1.1. [1] In the above-mentioned notations the quasihomogeneous singularity is called well-formed singularity if one of the following equivalent conditions holds:
1. Diff E/P(p) (0) = 0; 2. One have q ij |d for all i = j. In opposite case our singularity is called not well-formed singularity. Let us remark that if we choose the other quasihomogeneous weights then it can happen that the condition of well-formedness is not fulfilled. For the weakly exceptional and consequently for the exceptional singularity the primitive vector p is unique [4, 2.13] and therefore the notion of well-formedness is uniquely defined.
Put I i = j|1 ≤ j ≤ n, j = i, q ij ∤d .
Proposition 1.2.
Diff E (0) =
where the divisors C i and C ij on E are defined by the equations x i = 0 and x i = x j = 0 respectively. Moreover C
, . . . , x i−1 , 0, x i+1 , . . . , x n ) = 0 , where q i = 1.
Proof.
To calculate the different we have to determine the codimension 2 components of Sing X(p) in X(p) which are lying in E. The variety X(p) in the affine piece U k = C n x 1 ,... ,xn Z p k (−p 1 , . . . , −p k−1 , 1, −p k+1 , . . . , −p n ) of p-blow-up is given by a polynomial g ′ = g(x 1 , . . . , x k−1 , 1, x k+1 , . . . , x n ) = 0. It is clear that the singularity defined by this polynomial g ′ has the codimension not less then 3 in C n−1 ∼ = {x k = 0} and hence doesn't influence on Diff E (0) (recall that E U k is given by a polynomial g ′ in {x k = 0}/Z p k ). Thus Diff E (0) appears only because of the action of cyclic group. Since q ij · q i · q j = (p 1 , . . . ,p i , . . . ,p j , . . . , p n ) then it remains to show the following statement: if q ij ∤d then {x i = x j = 0} defines a divisor on E. Actually, this condition means that x i or x j divides any monomial of g.
. . , x n ). Hence g defines a nonnormal singularity.
The next proposition is proved in the same way as the previous proposition 1.2.
be a quasihomogeneous strictly log canonical, canonical outside 0 singularity with weight p. Then it is well-formed (by theorem 2.13 [4] it is exceptional). Example 1.6. Let (X, 0) ⊂ (C 3 , 0) be a weakly exceptional Du Val singularity defined by a polynomial h. Then h is one of the following polynomials: [5, 4.7] ). Consider p-blow-ups corresponding to their quasihomogeneous weights. Then the singularities D n , n ≥ 5 and E 7 are not well-formed.
(X, 0) is a well-formed singularity then D = D| E = Diff E (0) (cf. [4, 3.12] ). Nevertheless the following proposition takes place in the general case.
Proof. By proposition 1.4, remark 1.3 and corollary [6, 3.10 
. By proposition 1.2 the last expression is equal to K E + Diff E (0). Example 1.9. Let us return to the example 1.6. Then
2. Investigation of three-dimensional not well-formed singularities on exceptionality
The next theorem is proved by exhaustion of all cases. This sorting is described in [4] . 
In investigating given singularities on the exceptionality it is convenient to use the proposition [4, 3.13] and corollary [4, 3.14] . In general case corollary [4, 3.15 ] is formulated in the following way. 
for some k then (X, 0) is exceptional.
Proof. Suppose that (X, 0) is not exceptional. Let H X = {x k = 0}| X be a hyperplane section and let H X(p) be a proper transform of 
, where {x k = 0} is the corresponding divisor on P(p) then Diff E (H X(p) ) = i C ki + Ξ. Hence a ≥ 0 and (X, H X ) is lc. This contradiction concludes the proof.
Remark 2.3. Proposition 2.2 is hypothetically true in any dimension (see [4, 3.16] ). In the two-dimensional case we must require that d k ≥ 2 3 for some k. , where n ≥ 4. The pair (X, H) is not lc for any hyperplane section H. If n ≥ 5 then one of the coefficients of Diff E (0) is not less then 2/3 and all coefficients of D are equal to 1/2. This singularity is not exceptional by the definition since
(2) Let (X, 0) ⊂ (C 4 t,z,x,y , 0) be a canonical singularity defined by a polynomial t 3 + z 2 x + x 4 + xy 5 . The pair (X, H) is not lc for any hyperplane section H. The variety X has cA 2 singularity along the
C is klt. Thus (X, 0) is not weakly exceptional singularity [5, 4.6] . Now consider (40, 45, 30, 18)-blow-up of C 4 . It induces a plt blow-up of (X, 0). Then (E, Diff E (0)) = t + zx + x 4 + xy ⊂ P(4, 3, 1, 3), 2 3 ({t = 0}\{t = x = 0}) + Example 2.5. Let (X, 0) ⊂ (C 4 t,z,x,y , 0) be a canonical singularity defined by a polynomial t 3 + z 2 x + tx 3 + ty 5 . The variety X has cA 1 singularity along the curve
C would have been klt and consequently (X, 0) would have been not weakly exceptional singularity. Now we prove that T is not Q-Cartier divisor and (X, 0) is an exceptional singularity.
Consider p = (30, 35, 20, 12)-blow-up of C 4 . It induces a plt blow-up ψ : (X(p), E) → (X, 0). Then E = t 3 + zx + tx 3 + ty ⊂ P(3, 7, 2, 6) , Diff E (0) = L. In the next picture we illustrate the situation of these curves and the singularities of surface E. 
If there is a symbol * in the description of different cases then this marked case has the other different. Then the different differs by the addition of other curve marked by * or the different is completely another one marked by * also. 
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Γ3
18,24 12
,10,16 n = 5, 7; 9; 11, 13 P(n, 3n − 2, 2), Diff=
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12,24 n = 5; 7 P(n, 3n − 2, 2), Diff=
9,12,15 n = 8; 10; 11 Diff=(0, Γ3 33 x 6 y 2 + azxy 6 + bxy
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16,20 n = 8; 10 P 2 , Diff=(0, 0, 5. Singularity -t 2 + g 5 + g(z, x, y). (1, 3, 2) , Diff=(0, 0, 0, 
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x, y) ⊂ P(7n + 2, n + 2, 2n − 2, 6) 6,12 n = 5; 9 P(n + 2, n − 1, 3), Diff=
6. Singularity -t 3 + g(z, x, y). 
Γ4
3 z 2 xy + x 4 y + ax 2 y 4 + t + zxy + x 4 y + ax 2 y 4 + by 7 ⊂ P(14, 9, 3, 2) 12 +by 7 P(3, 1, 2), Diff=(0, t + g(z, x, y) ⊂ P(8n + 4, 2n + 1, 3n, 3) 9 n = 2, 3 P(2n + 1, n, 1), Diff= x + x 2 y + z 3 y ⊂ P(7, 4, 6, 9) 8 Diff=
9,12,18 n = 7; 11; 13, 17
7,12 n = 7; 11 P(1, 1, 2), Diff=(0, 0, 0, x + x 5 + ty ⊂ P(5, 6, 3, 10) 7,10 n = 7; 9 Diff=(0, 0, 0,
10,12,18 n = 9; 11; 15 P(n, n − 1, 1), Diff=(0, t + g(z, x, y) ⊂ P(8n − 1, 3n, 2n − 1, 3) 9 n = 4, 6, 7 P(n, 2n − 1, 1), Diff= 
Γ3
59 z 2 x + x 4 y 2 + xy n t + zx + x 4 y 2 + xy n ⊂ P(4n − 2, 3n, n − 2, 3) 9,12,18 n = 7; 9; 13 P(n, n − 2, 1), Diff=(0, 
60 z 2 x + x 7 + xy 7 t + z 2 x + x 7 + xy ⊂ P(7, 3, 1, 6) 9 P(1, 1, 2), Diff=(0, 0, 0, 
62 z 2 x + x 6 y + xy n t + zx + x 6 y + xy n ⊂ P(6n − 1, 5n, n − 1, 5) 15,30 n = 7; 9 P(n, n − 1, 1), Diff=(0, t + z 2 x + x 5 y 2 + xy 9 ⊂ P(43, 18, 7, 4) 12 P(9, 7, 2), Diff=
x, y) ⊂ P(5n, 6n + 2, 3n − 4, 10) 7,10 n = 5; 7 Diff=
10,18 n = 7; 11 P(n, n − 3, 1), Diff=(0, t + g(z, x, y) ⊂ P(8n − 3, 3n, 2n − 3, 3) 9 n = 4, 5 P(n, 2n − 3, 1), Diff= Diff=(0, 0, 0,
10,14 n = 9; 11, 13 Diff=(0,
Γ2
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z 2 x + tx 3 + ty n t 3 + zx + tx 3 + ty ⊂ P(3, 7, 2, 6) 5,8,12 n = 5; 7; 11 Diff=(0, 0, 0,
Diff=(0, 0, 0, 
Γ4
112 z 2 y + x 7 y + ty n t 3 + zy + xy + ty n ⊂ P(n, 3n − 2, 3n − 2, 2) 22,28 n = 7; 9 Diff=(0, 
113 z 2 y + x 7 y + txy n t 3 + g(z 1/2 , x, y) ⊂ P(7n − 1, 21n − 14, 3n − 2, 11) 16,22 n = 5; 7 Diff=(0, 
